The recent report of a human immunodeficiency virus type 1 (HIV-1)-infected infant who appears to have been cured of HIV-1 following antiretroviral therapy (ART) initiated within hours of birth has raised hopes for complete prevention of perinatal transmission of HIV-1 [1] . The "Mississippi baby" is hypothesized to have been treated sufficiently early in the course of infection that the virus had not yet established a long-lived infectious reservoir in CD4 + T cells. Conceivably, ART prevented infection of additional cells, so that decay of infected cells cured the infant. For ART to prevent establishment of an active viral reservoir, it most likely needs to be initiated very early in infection, as in the Mississippi baby and similar cases among adults in the Visconti cohort [2] . In the absence of antiretroviral prophylaxis, an estimated 33% of all perinatal HIV-1 transmissions occur in the late third trimester or during labor or delivery [3, 4] . In pregnancies without maternal ART prophylaxis, or where ART prophylaxis has failed, infants infected during this time frame may be ideal candidates for early ART, as used in the Mississippi baby.
In the absence of maternal ART, infant infection can be diagnosed by testing plasma HIV-1 RNA. However, suppression of HIV-1 replication by maternal ART requires infant diagnostic testing that targets HIV-1 DNA. Dried blood spot (DBS) testing collected on filter paper is used throughout the world for infant diagnosis. The sensitivity of HIV-1 DNA detection in DBS testing is variable, with false negatives due to low copies of viral DNA, low blood volumes [5, 6] , or inhibitors of polymerase chain reaction (PCR) [7] . Even highly sensitive assays that test for both HIV-1 RNA and DNA have a lower sensitivity at birth vs at 6 weeks of life [8] .
We used sensitive methods to test a cohort of HIV-1-exposed Mozambican infants at the time of birth to determine the prevalence of HIV-1 infections with low concentrations of viral DNA that might be missed by routine diagnostic testing. These infants are likely to have early infection, which could potentially be cured with early, aggressive ART.
METHODS

Study Design
HIV-1-exposed Mozambican infants who received single-dose nevirapine (sdNVP) prophylaxis were eligible to enroll in an observational study of reservoirs of drug-resistant HIV-1 [9] . Clinical data and DBS samples collected at birth, 2, 4, 6, and 8 weeks of life were sent weekly via express mail to Seattle, Washington, for HIV-1 diagnostic testing.
Collection and Testing of DBS Specimens for HIV-1 DNA
Whole blood was spotted on FTA classic filter paper cards (Whatman Bioscience, Florham Park, New Jersey). Initial testing was performed by nested PCR of the HIV-1 DNA pol region using a single 3-mm diameter DBS punch [9] [10] [11] , which, given a DBS diameter of 25.4 mm and capacity for approximately 200 µL of blood, contained approximately 3 µL of blood. One positive test result was interpreted as "possible HIV-1 infection," with diagnosis confirmed by testing a subsequent specimen, or, if unavailable, a separate aliquot of blood from the birth DBS sample.
To assess the prevalence of HIV-1 infection at birth with "low" HIV-1 DNA concentration, defined as below the sensitivity of our previous assay [9] , a larger volume of the infant's birth DBS (20 punches, equivalent to 60 µL of whole blood) was tested from those infants testing negative at birth, but positive by 8 weeks of life, or those lost to follow-up after 2 weeks of age. Infants testing negative for HIV-1 DNA at 4-8 weeks of age were presumed to be HIV-1 uninfected at birth, and were not retested. PCR amplicons were sequenced to evaluate genetic linkage between birth and later specimens (or second amplicon from birth DBS) by phylogenetic analysis and exclude laboratory contamination.
HIV-1 DNA Quantification
The HIV-1 DNA in infants' specimens was quantified using a real-time quantitative nested PCR (qPCR) of gag [9] . Three DBS punches, totaling 9 µL of whole blood, were tested in triplicate (1 DBS punch per reaction). The qPCR of the β-globin gene was performed to calculate the number of nucleated cells submitted to PCR [9] , to derive the number of copies of HIV-1 DNA/10 Among the infants who tested positive at birth, 27 (43%) had no additional samples, 11 (18%) had 1 additional sample between 2 and 8 weeks, 10 (16%) had 2 samples, and 14 (22%) had 3 or 4 samples. In infants with follow-up samples at or after 4 weeks (n = 29), the median HIV-1 DNA increased over time, from 450.8 copies/10 6 cells at birth to 6359.8 copies/10 6 cells at 8 weeks of life (P = .003 for Wilcoxon signed-rank test comparing these values). The HIV-1 DNA load increased by >1 log 10 copies/ 10 6 cells in the majority of infants (16/29) between birth and 4-8 weeks of age (including 2 that increased between 2 and 3 log 10 , and 2 that increased >3 log 10 ; Figure 1 ). The Mozambican standard of care for maternal ART to prevent mother-to-child transmission of HIV-1 changed over the course of the study: Prior to 2006, only sdNVP was recommended for women with CD4 counts >350 cells/µL, and early in 2006 zidovudine (ZDV) was also recommended, starting as early as 32 weeks. Of the 849 women, 544 (64%) had information collected about both sdNVP and ZDV use, whereas 305 (36%) only had data on receipt of sdNVP. The quantity of HIV-1 DNA in the birth specimen did not differ according to maternal antiretroviral regimen (Table 1) . Among the 21 HIV-1 DNA-positive infants with maternal ZDV use data, the 2 babies whose mothers received >7 days of ZDV had fewer positive qualitative PCR reactions than those whose mothers had <7 days of treatment (median, 3 vs 18 days; P = .04), and both 
DISCUSSION
In our cohort of HIV-1-exposed sdNVP-treated Mozambican infants, one-quarter of all infants ultimately found to be HIV-1 infected before 8 weeks of age initially had a false-negative test for HIV-1 DNA at birth. The negative results were likely due to low viral load at the time of birth and testing only a small volume of blood. We suspect that if early ART can prevent the establishment of a CD4 + T-cell reservoir, that among infants, those with low copy infection may be the best target population. Whether a specific viral load threshold indicates an established long-lived reservoir that is incurable by early ART is not known, but is suggested in adults, where low Fiebig scores at ART initiation were associated with clearing or achieving low HIV-1 DNA loads and no to minimal production of HIV-1 RNA [12] . Previously, we reported that infants with lower HIV-1 DNA loads at birth established infections with persistent NVPresistant variants more frequently than those with high DNA loads [9] . The latter most likely had already established reservoirs of wild-type viruses, suggesting that a long-lived cellular reservoir may be established in utero in a subset of infants, and we suspect that these infants may not be curable by early ART.
As our data and others have shown, identifying infants with low-copy HIV-1 infection at birth may be unreliable when testing small amounts of blood for HIV-1 DNA [12] . Simply adding DNA to commonly used assays could inhibit PCR. Detection of low concentrations of HIV-1 DNA at birth may be aided by multiple PCR assays, as performed in this study, or automated by droplet digital PCR [13] . In cases without maternal use of ART prophylaxis, testing for HIV-1 RNA should have greater sensitivity compared with testing for DNA [14] .
We are limited in our analysis by the inability to determine the precise timing of infection in these infants, by missing specimens to determine the HIV-1 DNA trajectory over time in the majority of infants, and by the uncertainty of determinants that allow ART to prevent the establishment of long-lived reservoirs, or cure, HIV-1 infection.
In conclusion, a significant proportion of perinatally infected infants have low-copy HIV-1 infection at birth. These infants represent the target population most likely to achieve functional cure by immediate initiation of ART. Use of both sensitive assays and larger amounts of DNA should increase diagnosis of infant HIV-1 infections at birth. Potential conflicts of interest. All authors: No potential conflicts of interest.
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